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Introduction
Mucosal melanoma is a subtype of melanoma that originates from melanocytes in mucosal membranes. It is aggressive with five overall survival ranging from 22% to 34%, depending in part upon the distribution of specific sites of primary mucosal melanomas in different series [1] [2] [3] [4] [5] . Depending on different primary locations, mucosal melanomas are usually classified as Head and Neck (Nasal pharyngeal and Oral), Gastrointestinal (Upper GI and Lower GI), Gynecological, Urological, and Other sites. Previous research has demonstrated that mucosal melanomas are distinctive from cutaneous melanoma with regard to its clinical course and prognosis [4, 6] .
There have been few epidemiologic and natural history studies about mucosal melanoma, primarily because of its extremely low incidence in most countries. But in Asia, it is the second common subtype after acral lentiginous melanoma (ALM), with a percentage incidence of 22-25% [2, 7] . Peking University Cancer Hospital & Institute serves as a national referral center in China for melanoma patients and therefore has a rich experience treating melanoma patients who are seen uncommonly among a predominately Caucasian population in the Western world (i.e.: United States, Europe, and Australia).
The objective of this study is to analyze the natural history and patterns of metastases of mucosal melanoma from different primary sites. The hypothesis we examined was whether mucosal melanomas are different in their clinical course when arising from diverse anatomic sites, or whether they are similar in their natural history and patterns of metastases. This information is important when planning treatment approaches for mucosal melanoma patients and in the design of clinical trials involving systemic therapies.
Description of methods and statistics Database design
After the approval of institutional review board of the Peking University Cancer Hospital & Institute. A database was prospectively designed to identify all patients with mucosal melanoma from Peking University Cancer Hospital & Institute, Yunnan Cancer Hospital, SUN YAT-SEN University Cancer Center and the First Hospital of Jilin University. A total of 706 patients referred between December 2005 and December 2013 were involved in this study. We excluded patients with vulvar and penile melanoma, since these are regarded as an uncommon presentation of cutaneous melanoma. This is a collaborative study with other Centers contributing data as follows: Peking University Cancer Hospital & Institute, Beijing, China, 595 patients (84% of the total series); Yunnan Cancer Hospital, Kunming, China, 55 patients (8%); SUN YAT-SEN University Cancer Center, Guangzhou, China, 30 patients (4%); The First Hospital of Jilin University, Changchun, China, 26 patients (4%).
Definitions of clinical, anatomical and pathological criteria. The characteristics of the patient and their pathology entered into the database included: patient age, sex, performance score, anatomic location, depth of invasion, ulceration, initial stage, lymph node metastasis, distant metastasis, elevation of serum LDH, CKIT mutation, BRAF mutation of all patients presented with pathologically confirmed mucosal melanoma.
Anatomic sites were defined as follows: head and neck (including nasal cavity, paranasal sinuses, and oral cavity), upper gastrointestinal (including esophagus, gastric, small bowel), lower GI (including colorectal and anus), gynecological (including vaginal, cervix, and uterine), urological (bladder, ureter, and kidney) plus other primary sites of mucosal origin.
Definitions of pathological criteria. All patient pathology was entered into the database had a central review at Peking University Cancer Hospital & Institute for presence or absence of tumor ulceration, tumor thickness, depth of invasion, histological type. The stage was modified based on AJCC staging system Seventh Edition [8] . Our definition of TNM staging for mucosal melanoma was defined as following: T1 for tumor invading submucosa; T2 for tumor invading the muscularis propria; T3 for tumor invading adventitia; T4 for tumor invading adjacent structures; N1 for 1 regional metastatic node; N2 for 2-3 regional metastatic nodes; N3 for 4 or more regional metastatic nodes; and M1 for distant metastases [9] . These definitions are similar to that used by others [10] .
Results
Overall results for 706 patients from all anatomical sites There were 706 patients with mucosal melanoma in this study ( Table 1 ). The median age at diagnosis was 55 years (81% between 40 and 70 years), and 63% were female. The anatomic sites of the primary melanomas were: 26.5% (188 patients) arising from the lower GI tract, 23% (164 patients) from the nasal cavity and paranasal sinuses, 22.5% (159 patients) from gynecological sites, 15% (104 patients) from the oral cavity, 5% (35 patients) from urological sites, 5% (33 patients) from the upper GI tract, and 3% (23 patients) from other sites. The depth of tumor invasion of the primary melanomas were categorized as T1, T2, T3, and T4 melanomas, which was distributed as 8% T1 melanomas, 24% as T2, 42% as T3, and 26% as T4. The majority (59%) of tumors had an ulcerated surface on pathological examinations. At the initial diagnosis, 14.5% (100 patients) were diagnosed as stage I disease, 41% (291 patients) as Stage II, 21.5% (152 patients) as Stage III, and 23% (163 patients) as stage IV. Among Stage III patients with lymph node metastases, there were 31% with N1 stage, 30% with N2 stage, and 39% with N3 stage. The analysis of stage IV patients included those who were diagnosed with stage IV initially and patients who had progressed from stage I-III when we calculated the distribution of distant metastases (totally 547 patients). For Stage IV patients, 49(9.0%) presented initially with distant lymph node metastasis, 101(18.5%) had liver only metastases, 116(21.0%) had lung only, 39(7.0%) had combined liver and lung, while 80(14.5%) patients had metastases at a variety of "other sites", and an elevation of serum LDH was observed in 162 patients (30.0%). A minority of patients had a CKIT mutation (70 patients or 10%) or a BRAF mutation (85 patients or 12.0%).
Characteristics of mucosal melanomas from specific anatomic sites
When examining separate anatomic sites, they were similar in metastatic distribution when comparing data across presenting stages of disease, incidence of nodal and distant metastases, or the site of predilection of distant metastases. Also there was not much difference with regard to CKIT mutation and BRAF mutations ( Table 2 ).
Patterns of metastases based upon presenting clinical stage of disease
Clinically localized mucosal melanoma (stage I and II). There were 391 patients who presented with localized mucosal melanoma (Table 3 ).The most common primary sites were nasal cavity and paranasal sinuses (26.5%), gynecologic (25%), lower GI (23%), and oral cavity (14%). Most of these lesions were still locally advanced (74.5% were T3 or T4 lesions), including an ulcerated surface in 59%. Only 19% had an elevated serum LDH level.
Mucosal melanomas with metastases to regional lymph node (stage III). There were 152 patients with regional nodal metastases arising from their mucosal melanoma primary site (Table 3) . The most common primary sites were lower GI (31.5%), oral cavity (22%), nasal cavity and paranasal sinuses (20%), and gynecologic (15%). Most of these lesions were still locally advanced (71% were T3 or T4 lesions), including an ulcerated surface in 56%. Only 14% had an elevated serum LDH level.
Mucosal melanomas presenting with distant metastases (stage IV). There were 163 patients who presented with distant metastases (Table 3) . The most common primary sites were lower GI (30%), gynecologic (24.5%), nasal cavity and paranasal sinuses (18.5%), and oral cavity (9.5%). Most of these lesions were still locally advanced (49.5% were T3 or T4 lesions), including an ulcerated surface in 62%. A greater percentage of patients (42%) had an elevated serum LDH level.
Patterns of metastases from primary mucosal melanomas
Regional lymph nodes. There were 152 patients (21.5% of the total) with regional lymph node metastases. Of these, 47 patients had N1, 46 had N2, and 59 had N3 stage. Mucosal melanomas arising from the oral cavity had a higher incidence of regional nodal disease compared to other sites with mucosal melanoma (31.7% versus 19.8%, P ¼ 0.009).
Liver metastases. There were 101 patients (18.5%) with metastases confined to liver only. Only 13% of these patients had an isolated metastasis. Mucosal melanoma from urological sites had a higher incidence of liver only metastases compared to other sites (31.0% versus 17.1%), but the difference was not statistically significant (P ¼ 0.085).
Lung metastases. There were 116 patients (21.0%) with metastases confined to the lung. Only 21.5% of these patients had an isolated metastasis. Mucosal melanomas from the oral cavity had a higher incidence of lung only metastases compared to other sites (32.5% versus 18.5%), a difference that was statistically significant (P ¼ 0.007).
Combined liver and lung metastases. There were 39 patients (7.0%) with combined liver and lung metastases.
Other sites. There were 49 patients (9.0%) with metastases in distant lymph nodes. Also, there were 80 patients (14.5%) with metastases at a variety of other sites.
Comparisons of metastatic incidence from different primary sites.
Comparing the incidence of metastatic disease at different sites, we found only a few statistically significant differences: 1. Oral cavity mucosal melanoma had a higher incidence of regional nodal disease compared to metastatic sites arising from other primary mucosal melanoma (31.7% versus 19.8%, P ¼ 0.009). 2. Oral cavity mucosal melanoma had a higher incidence of distant lung metastases compared to metastases arising from other primary mucosal melanoma (32.5% versus 18.5%, P ¼ 0.007), and 3. Urologic mucosal melanoma had a higher incidence of liver metastases only than other primary mucosal melanomas (31.0% versus 17.1%), but the sample size was small and the difference was not statistically significant (P ¼ 0.085). Comparisons of overall survival from different primary sites. Mucosal melanomas from nasal pharyngeal and oral, gastrointestinal, gynecological and urological had a similar survival with a 1-year survival rate (88%, 83%, 86%), 2-year survival rate (66%, 57%, 61%), 5-year survival rate (27%, 16%, 20%), respectively.
Discussion
This is the largest published experience with mucosal melanoma, mainly from a single institution. The large sample size allows, for the first time, a comparison of primary melanoma presentation and patterns of metastases across anatomical sites. Our hypothesis was that metastatic behavior would differ from primary mucosal melanomas at different anatomical sites. However, this hypothesis could not be accepted even with this large data set, when comparing data across the presenting stages of disease, the incidence of nodal and distant metastases, nor the site of predilection of distant metastases. These findings suggest that the mutational events that result in mucosal melanomas are independent of the anatomic site where they arise, and further, that clinical trials involving mucosal melanomas and the administration of systemic therapy can be applied equally to mucosal melanomas regardless of their primary anatomic site. Of course, this hypothesis has to be proven at the genetic/molecular level with future studies. It is reported that mucosal melanoma seems have a generally older age distribution [4, 11] . The mean age of these patients was 55 years, which was similar with cutaneous melanoma patients in China [2] . The age distributions were similar among different anatomic locations. The male-to-female rate ratio (0.59) was essentially the same as that for cutaneous melanoma in American people (0.54 95% CI of 0.50-0.61) [12] . This higher rate among women was influenced by the inclusion gynecologic tract female melanoma patient in our series (22.5%).
Head and neck (nasal cavity, paranasal sinuses and oral cavities) was the most common primary site followed by lower GI and gynecologic anatomic sites, similar to the distribution reported from other countries [11] .
More than half of the mucosal melanomas exhibited an ulceration of their mucosal lining (59.0%), a character which is an important and independent prognostic factor for cutaneous melanomas [2, 13] . Unlike the staging factors used for cutaneous melanoma, there was still no standardized thresholds of tumor staging mucosal melanomas using tumor thickness or depth of invasion [14] . For example, the median tumor thickness was 3.85 mm in our series of mucosal melanomas, more than twice that for cutaneous melanoma patients [12] . More than 44% of mucosal melanoma patients presented with metastatic disease at either regional sites (21.5%) or at distant locations (23.0%); in contrast to an incidence of only 14% among for 68,495 of patients with cutaneous melanoma diagnosed from 1992 to 2005 in America [15] . Both the incidence of primary tumor ulceration and the incidence of elevated serum LDH were significantly higher in our series of mucosal melanomas, compared to the published literature for cutaneous melanoma [2, 12] . A higher proportion of Stage III patients occurred when the primary site was the oral cavity, upper or lower gastrointestinal tract or urological and was relatively lower from the nasal cavity or gynecological sites. Similar results have been published from smaller series [16] .
An analysis of patterns of distant metastases demonstrated that lung was the most common site of metastasis (21.0%), followed by liver (18.5%) and distant lymph node (9.0%); these incidences were similar regardless of the anatomic locations of the primary mucosal melanomas. Almost all of the metastases in the liver or lung were multiple, with only 21.5% of lung metastases and 13% of liver metastases presenting as single lesions which might be suitable for surgical excision.
There have been many publications about CKIT and BRAF mutation incidence among primary cutaneous melanomas. In our series, we observed a 10% incidence of CKIT mutation and 12% incidence of BRAF mutation (Table 1) . When examining separate anatomic sites, there was no difference with regard to BRAF mutations (range of 9% to 12.5%) ( Table 2 ). However, there was a wider range of CKIT mutations, ranging from 5.5% for nasopharyngeal melanomas to 17% for urological melanomas ( Table 2 ). The incidence of CKIT mutation incidence from smaller published studies ranged from 4% to 17%, while the incidence of BRAF mutation ranged from 0% to 21% [17] [18] [19] . In few small sample size studies, the overall survival of mucosal melanomas from different primary sites was poor, the 5-year survival rates were 12.3-42%, 4.2-20%, 10.7-21%) in nasal pharyngeal and oral, gastrointestinal, gynecological and urological mucosal melanoma, respectively [20] . In our series, we found a similar 1-year, 2-year, 5-year survival rate in those three main primary sites, which indicated they had similar survival pattern despite of different sites, and prognosis factors will be discussed on further analysis.
The natural history and patterns of metastases of mucosal melanoma has implications for clinical practice including the primary surgery, systemic adjuvant therapy, and metastatic surveillance. The metastatic behavior of mucosal melanoma showed that metastatic surveillance should include the liver, lung, and regional lymph nodes. The distant metastasis classification is now on further analysis, which could be used as clinical trials stratification criteria and end results reporting. Also, these findings suggest that clinical trials involving mucosal melanomas and the administration of systemic therapy can be applied equally regardless of primary anatomic site.
